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DISTRIBUTION OF TYPES I, II, AND III COLLAGEN BY REGION IN THE
HUMAN SUPRASPINATUS TENDON
M.R. Buckley y, L.N. Satchel y, P.E. Matuszewski y, Y.-L. Chen y, E. Evans y, A.
Kumar y, D.M. Elliott z, L.J. Soslowsky y, G.R. Dodge y. yUniv. of
Pennsylvania, Philadelphia, PA, USA; zUniv. of Delaware, Newark, DE, USA
Purpose: The supraspinatus tendon (SST) is a unique tendon with
a high clinical signiﬁcance as the most commonly injured of the rotator
cuff tendons. Due to their role in force balance and stabilization of the
shoulder, large and massive tears in the rotator cuff are thought to be
associated with shoulder osteoarthritis. Unfortunately, the regionally-
dependent structural and compositional properties of the SST associ-
ated with its well-documented mechanical heterogeneities have not
been fully elucidated. In particular, while regional variations in collagen
alignment and proteoglycan content in the human SST were recently
measured, local variations of different forms of collagen, the most
abundant protein in tendon, have not been investigated. Therefore, the
objective of this study was to determine the concentrations of types I, II
and III collagen in 6 distinct regions of the supraspinatus tendon and
compare changes in collagen concentration across regions with local
changes in mechanical properties.
Methods: Full-thickness specimens were dissected from the anterior-
bursal, anterior-joint, posterior-bursal, posterior-joint, medial-bursal
and medial-joint regions of the SSTs of 101 human donors with no re-
ported or visible rotator cuff tendon tears. To extract greater than usual
representative collagen content, we utilized a specialized tendon pro-
cessing protocol highlighted by freezer-milling and a higher tempera-
ture (30⁰ C) for pepsin digestion. Since their composition is well-
characterized, biceps tendons were processed using an identical
protocol and used for comparison. Content of types I, II and III collagen
were determined by ELISA and compared to local mechanical and
structural properties.
Results: Both type I and type III collagen did not exhibit statistically
signiﬁcant spatial variations. Conversely, type II collagen content was
higher in the anterior-joint and posterior-joint regions than in the
medial-bursal region (Figure 1). Content of types I and II collagen in
each region did not correlate signiﬁcantly with either linear modulus or
circular variance (a parameter that increases with decreased align-
ment). However, a signiﬁcant inverse correlation of type III collagen
content with linear modulus was found, while the correlation of type III
collagen with circular variance was strong and approached signiﬁcance
(Figure 2).
Conclusions: The measured increase in type II collagen near the
enthesis is likely due either to the high compressive loading environ-
ment in the anterior and posterior tendon regions situated in between
the coracoacromial arch and the humerus or to the proximity of these
regions to the articular cartilage on the humeral head. The strong
correlation of type III collagen with circular variance and inverse
correlation with linear modulus indicates that type III collagen in the
human SST is associated with a low degree of alignment and inferior
tensile mechanical properties, providing an important and direct
structure-function relationship for this tissue. These ﬁndings help
establish the compositional properties of the healthy SST and provide
a baseline for understanding and assessing changes related to tendonTable 1
miRNAs expression in chondrogenic differentiated hADSCs by Microarray.
Gene Name Gene ID Sample 1 Fold change Sample
mlRNAs unregulated more than 2-ﬂods in all three: samples
hsa-miR-193b 10967 3.1075056 2.67459
hsa-miR-199a-3p/hsa-miR-199b-3p 10995 3.609247053 4.42248
hsa-miR-455-3p 28950 4.06924905 2.43942
hsa-imR-210 145852 4.89886732 7.47132
hsa-miR-38i 145832 3.933098859 3.00114
hsa-miR-92a 145693 6.32213505 4.70770
hsa-miR-320c 46228 5.36642876 2.83912
hsa-miR-136 10943 2.895205 2.41721
miRNAs downregulated more than 2-folds in all three samples
hsa-miiR-490-5p 17822 –3.671 –2.6277
hsa-miR-4267 147938 –2.409418 –9.1950
ebv-miR-BART8* 17328 –2.702788 –3.7574
hcmv.miR.US25-1* 42458 –7.12345 –2.8001injury or degenerative changes in the shoulder joint that are associated
with osteoarthritis.
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EXPRESSION OF MICRORNAS DURING CHONDROGENESIS OF HUMAN
ADIPOSE-DERIVED STEM CELLS
Z. Zhang, W. Liao, Z. Zhang, X. Duan, C. Hou. First Afﬁliated Hosp. of Sun
Yat-sen Univ., Guangzhou, China
Purpose: miRNAs play an important role in the regulation of chon-
drogenesis of mesenchymal stem cells, but their expression still
remains unknown in human adipose-derived stem cells (hADSCs). In
this study the miRNA expression proﬁle during chondrogenic differ-
entiation of hADSC and the potential mechanismwhereby miRNAs may
affect the process of chondrogenesis are considered.
Methods: hADSCs were isolated and cultured. The expression of
chondrogenic proteins was detected using ELISA. miRNA expression
proﬁles before and after chondrogenic induction were obtained using
microRNA microarray essay and differently expressed miRNAs were
primarily veriﬁed using qRT-PCR. Putative targets of the miRNAs were
predicted using online software programs MiRanda, TargetScan and
miRBase.
Results: Twelve miRNAs were found to be differentially expressed pre-
and post- chondrogenic induction by over a two-fold change (Table 1),
including 8 up-regulated miRNAs (miR-193b, miR-199a-3p/hsa-miR-
199b-3p, miR-455-3p, miR-210, miR-381, miR-92a, miR-320c, and miR-
136), and 4 down-regulated miRNAs (miR-490-5p, miR-4287, miR-
BART8*, and miR-US25-1*). qRT-PCR analysis further conﬁrmed these
results (Figure 1). Predicted target genes of the differentially expressed
miRNAs were based on the overlap of at least two online prediction2 Fold-change Sample 3 Fold-change Average Fold-change STDEV
181 2.27071 2.750936 0.431885
4488 2.3424889 3.3914 1.155513
769 2.41203 2.973569 0.948986
223 20.3984 10.92153 8.305831
6438 2.5195419 3.152929 0.721356
313 2.16024 4.396693 2.098306
774 2.10609 3.437216 1.710476
4 7.076207524 4.129542 2.563054
54 –4.833253 –3.710669 –1 103285
81 –6.896076 –6.166858 –3. 451106
58 –2.159921 –2.673369 –0.812318
92 –6.400819 –5.374821 –2.429912
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312 S215algorithms, with the known functions of regulating chondrogenic
differentiation, self-renewal, signal transduction and cell cycle control
(Table 2 and Figure 2).
Conclusions: In this study we have identiﬁed a group of miRNAs and
their target genes, which may play important roles in regulating
chondrogenic differentiation of hADSCs. Our results provide the basis
for further investigation into the molecular mechanism of chondro-
genesis in hADSCs and their differentiation for cartilage engineering.
Figure 1. qRT- PCR conﬁrmation of microRNA expression in chondrogenic differenti-
ated hADSC cells.Table 2
Predicted target genes of chondrogenic miRNAs. Only genes that are related to cartilage
miRNA Target Genes Functions
hsa-miR-193b RUNX2 Chondrogenesis
SOX4 Chondrogenesis
SMAD-3,4.5 Chondrogenesis
MAPK-l. 10.12 Chondrogenesis
BMPR1 BMP-2. 6,7 Chondrogenesis
hsa-miR-199a-3p/hsa-miR-199b-3 MAPK-1, 10 Chondrogenesis
SMAD-1, 4, 5 Chondrogenesis
BMPR2, BMP2 Chondrogenesis
TGFB1 Chondrogenesis
MMP26 Collagen metabo
hsa-miR-455-3p NFKBIA Self-Renewal an
CEBPB Chondrogenesis
RUNX2 Chondrogenesis
SMAD-3, 4, 5 Chondrogenesis
SOX-4, 5, 6, 9 Chondrogenesis
MAPK-1, 12 Chondrogenesis
BMPR2, BMP-6.7 Chondrogenesis
TGFBI Chondrogenesis
hsa-miR-210 CEBPB Chondrogenesis
RUNX2 Chondrogenesis
SAMD-4, 5 Chondrogenesis
SOX2 Chondrogenesis
MAPK1 Chondrogenesis
BMPR2, BMP6 Chondrogenesis
hsa-miR-381 NFKBIA Self-Renewal an
CEBPB Chondrogenesis
RUNX2 Chondrogenesis
SOX-2, 4, 5, 6, 9 Chondrogenesis
SMAD-3, 4, 5 Chondrogenesis
MAPK-1, 9 Chondrogenesis
BMPR2. BMPS intracellular sign
MMP7 Collagen metabo
hsa-miR-92a CEBPB Chondrogenesis
RUNX2 Chondrogenesis
SOX-4,9 Chondrogenesis
SMAD-3, 4, 5 Chondrogenesis
MAPK1 Chondrogenesis
BMPR2, BMP6 Chondrogenesis
hsa-miR-490-5p SOX-2, 4 Chondrogenesis
SMAD-4, 5 Chondrogenesis
MAPK-1, 7, 9, 12 Chondrogenesis
BMPR2, BMP-7,9 ChondrogenesisFigure2. The expression of targeting transcription factors in chondrogenic differenti-
ated hADSC cells.formation and chondrogenic differentiation are listed here.
, apoptosis
, cell cycle control, apoptosis
, cell cycle control, apoptosis
, cell cycle control, apoptosis
lic/catabolic
d Multipotency, cell proliferation and differentiation, cell cycle control, apoptosis
, apoptosis
, cell cycle control, apoptosis
. cell cycle control, apoptosis
, apoptosis
d Multipotency, cell proliferation and differentiation, cell cycle control, apoptosis
. apoptosis
, ccll cycle control, apoptosis
aling cascade, cell proliferation
lic e-alabolic. cell proliferation
, apoptosis
, apoptosis
. apoptosis
, ccll cycle control, apoptosis
